R
econstruction of a penis presents a great challenge for plastic surgeons. The development of microsurgical techniques has allowed for free flap reconstruction; thus, many flaps, including the radial forearm flap, the deltoid flap, the osteocutaneous fibula flap, the anterolateral thigh flap, and others, have been used. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Among these flaps, the free radial forearm flap is by far the most frequently used and is considered universally as the best flap in penile reconstruction. 1, 2, [13] [14] [15] [16] [17] Our reconstructive unit has a long history of practicing phalloplasty. We once reported our experience with 136 cases of penile reconstruction using various methods. 13 Among the cases, we found that some patients with congenital microphallus still had a well-developed glans, whereas other traumatic cases had relatively short but usable residual stumps of the amputated penis. For these patients, we designed a new surgical procedure, Cheng's method, to reconstruct a penis with better sensation and function 18 (Figs. 1 through 3). First, we dissected out the neurovascular pedicle of the original glans or residual penile stump, and then we anastomosed it to the distal end of the penile body made from the free radial forearm flap in one stage. We first reported this method in seven patients with good results in 1997. 18 This surgical method for penile reconstruction has many advantages over other methods, such as bet-ter appearance of the reconstructed glans, with a normal position of the urethral meatus, less atrophy of the neoglans and penile body, the capacity for erection, and good tactile and erogenous sensation. The aim of this study was to examine the sensory function of the penis reconstructed by Cheng's method.
PATIENTS AND METHODS
Twenty-seven patients underwent phallic reconstruction during the period from January of 1984 to June of 2007 at Shanghai Ninth People's Hospital, Shanghai, China, including cases using Cheng's method. The mean age of the 27 patients was 25.7 years (range, 19 to 32 years). Nine patients suffered from congenital microphallus, and 18 patients suffered from trauma with relatively short but usable residual stumps. The postoperative follow-up ranged from 6 months to 21 years. All patients gave their informed consent before their patient data were used. Our study was approved by our institutional review board.
A nerve repair between the dorsal nerve of the penis (usually six to eight branches), the lateral antebrachial cutaneous nerve (dorsal and palmar branch), and the dorsal nerve of the penis was performed for innervation ( Fig. 1) . Four measurements for tactile sensation assessment and a simple questionnaire for erogenous sensation assessment were conducted. Tactile sensation was measured by the same examiner in an examination room. The following tests were performed on the glans or the residual penile stump and the donor site (the lateral distal part of the skin of their forearm) preoperatively, and on the distal part and proximal part of the reconstructed phallus postoperatively (Fig. 2 ). 
RESULTS

Preoperatively versus Postoperatively
Every glans or residual penile stump could distinguish pain, hot and cold sensation, and vibration both preoperatively and postoperatively (p Ͼ 0.05). Preoperative two-point discrimination for the glans or the residual penile stump was 13.4 Ϯ 2.1 mm, whereas the postoperative two-point discrimination was 13.1 Ϯ 1.8 mm (not statistically different; p Ͼ 0.05) (Fig. 4) . The unoperated forearms would have been expected to distinguish pain, hot and cold sensation, and vibration easily, and they did, and all the flaps from the donor sites could distinguish them also (p Ͼ 0.05). However, the two-point discrimination values of the unoperated donor sites were inferior to those of the (Fig. 4) .
Distal Part versus Proximal Part Postoperatively
Both the proximal part of the neophallus reconstructed by the free radial forearm flap and the distal part of the neophallus reconstructed by the glans or the residual penile stump had excellent performance (100 percent) in distinguishing pain, hot and cold sensation, and vibration. However, the distal part had superior two-point discrimination compared with the proximal part (distal part, 13.1 Ϯ 1.8 mm; proximal part, 17.4 Ϯ 1.4 mm) (p Ͻ 0.01) (Fig. 4 ).
Cheng's Method versus the Innervated Free Radial Forearm Flap
Compared with our other group of penises reconstructed by innervated free radial forearm flaps (28 cases), there were no significant differences in the proximal part of the neophallus. One hundred percent of the patients in both groups could detect pain, hot and cold sensation, and vibration. Mean static two-point discrimination in the free radial forearm flap group was 18.1 Ϯ 1.7 mm, whereas that in the group treated with Cheng's method was 17.4 Ϯ 1.4 mm (p Ͼ 0.05). The distal part of the group treated with Cheng's method had superior sensation in pain perception (p Ͻ 0.01), vibratory threshold (p Ͻ 0.05), and two-point discrimination (innervated free radial forearm flap, 18.7 Ϯ 1.8 mm; Cheng's method, 13.1 Ϯ 1.8 mm; p Ͻ 0.01) (Fig. 5) . One hundred percent of patients undergoing surgery with Cheng's method could detect pain, hot and cold sensation, and vibration in the distal part, whereas the respective values in the radial forearm flap group were 75, 100, and 86 percent (Fig. 6) .
Subjective Assessment
The patients were asked whether they experienced orgasm after surgery. In all patients who had sexual activity (22 of 27), 100 percent of them claimed that they experienced this.
DISCUSSION
According to many surgeons, 1, 19 the ideal goals in performing a phalloplasty should include reconstruction in a one-stage operation of an aesthetically appealing neophallus with erogenous and tactile sensation, permitting the patient to have sexual intercourse like a natural man, and to urinate standing. Moreover, the reconstructive procedure should be predictably reproducible without functional loss in the donor area.
Currently, many of these goals have been met, but the recovery of sensation remains an unsolved Plastic and Reconstructive Surgery • April 2011 issue in penile reconstruction. It was reported that some surgeons preserve the clitoris or the glans to restore sensation in sex reassignment surgery. 16, 20, 21 In our greater than 20-year experience in penile reconstruction, we found that some patients with congenital microphallus still had a well-developed glans, whereas other traumatic cases had relatively short but usable residual stumps of the amputated penis. Thus, we transferred the original glans or the residual penile stump to the anterior portion of the newly reconstructed penile body with microsurgical techniques. However, it is only suitable for microphallus or trauma patients who have no severe damage to the tissue on the dorsal side of the penis caused by either previous surgery or initial injury. This method was first published in 1997 as Cheng's method for penile reconstruction, and it is superior to the classic phalloplasty in terms of appearance, function, and sensation. 18 We anastomosed the nerve of the recipient stump (dorsal nerve of the penis) to that of the proximal part of the penile body (the lateral antebrachial cutaneous nerve) and the nerve of the distal part of the penile body to that of the neoglans (dorsal nerve of the penis). The dorsal nerve of the penis is a terminal branch of the Volume 127, Number 4 • Penis Reconstruction by Cheng's Method pudendal nerve and is the path for somatosensory input from the penis. Its integrity is critical for normal erectile and ejaculatory function, as demonstrated in human and animal studies. [22] [23] [24] [25] [26] Recent dissections of the human penile dorsal nerve indicate that it is the principal sensory nerve supply to the penile shaft, glans, and anterior urethra. Among the various donor flaps used for penile reconstruction, the forearm flap has the highest sensation. 16 The lateral antebrachial cutaneous nerves are easily identified and dissected.
There are many factors that influence sensory recovery in flap transplantation. The first is the flap condition itself. In free flap transplantation, nerves regenerate into skin grafts from both the wound margins and the graft bed itself. The location and timing of nerve invasion within a graft vary according to graft thickness and size. Smaller and thinner flaps reinnervated faster. [27] [28] [29] [30] Nerve repair influences sensory recovery. In addition, the target organ is an induction to nerve regeneration; thus, the higher the density of nerve endings in free flaps, the quicker that sensation will be restored. 31, 32 The second factor is recipient-site condition. The abundant blood supply, good soft-tissue condition, sensory nerve supply, and normal innervation of the recipient site all help to regenerate sensation. In contrast, flaps transplanted into noninnervated regions with a lot of scar tissue are not good for sensory recovery. 27 Besides, return of sensation is related to the recipient nerve itself. Several researchers [33] [34] [35] [36] found that there seems to be a "sensory upgrading" phenomenon, whereby neurotized free flap donor sites have better sensitivity at their newly neurotized free flap locations than they do in their native sites. Many investigators believe the sensory upgrading phenomenon is attributable to a more extensive sensory representation in the cerebral cortex ("sensory homunculus") for the recipient nerves than for the donor-site nerves.
We have the radial forearm flap and the glans or the residual penile stump as the target organ, and the dorsal nerve of the penis as the recipient nerve, and carried out atraumatic nerve repair using Cheng's method. The results of the above studies are in accordance with our study. In our long-term follow-up study, we found Cheng's method had good outcomes regarding tactile sensation. The neoglans had tactile sensation similar to that of the unoperated glans or the residual penile stumps and superior to that of the penises reconstructed by the innervated radial forearm flap in pain perception, vibratory threshold, and two-point discrimination, and superior to its own proximal part of the neophallus in two-point discrimination as well. The proximal part of the neophallus has better two-point discrimination than the donor site, which is the unoperated forearm. It has similar sensation to the proximal part of the neophallus reconstructed by means of the innervated free radial forearm flap.
Both tactile and erogenous sensitivity in reconstructed genitals are important in penile re- Plastic and Reconstructive Surgery • April 2011 construction surgery. A previous study 37 showed that sexual satisfaction was met at an emotional and social level but less so at a physical and sexual level, so although we assessed the tactile sensitivity using relatively objective measurements, the erogenous sensitivity could not be subjected to statistical analysis. In our study, 100 percent of the patients who had sexual activity said they experienced orgasm after surgery. We also observed that patients who did not have sexual experience before surgery seemed to have higher satisfaction, and those who had experience were less likely to be satisfied even though they claimed to have orgasm.
CONCLUSIONS
Cheng's method of penile reconstruction provides good sensation to the reconstructed penis, especially in the neoglans (the transferring original glans or the residual penile stump). We recommend that it be used for microphallus or trauma patients having residual penile stumps with no severe damage to the tissue on the dorsal side of the penis.
